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Abstract 
This paper uses the approaches and models of option theory to analyze two-stage venture capital investment in 
agricultural production and processing enterprises decision-making under uncertainty. Mathematics expressions of 
this two-stage venture capital investment decision-making are presented. An option value model about two-stage 
venture capital investment decision-making base on options pricing theory under the uncertainty is presented. Get the 
solution of option pricing model which we present. 
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1.  Introduction  
With the open of China Growth Enterprise Market in October 2009, the growth of the Chinese’ 
venture capital industry has been spectacular over the last two years. According to ChinaVenture’s 
database CVSource, there are 48 venture capital investment cases and relate to USD 310 million only in 
the throw daylight deals during 2009 to 2010 in China in agricultural production and processing enterprises. 
Venture capital investment is collecting excess capital from those who have it and providing it to those 
who require it for development of business venture by venture capitalists (Barbara & Olle, 2006). 
Agricultural production and processing enterprises affected by macroeconomic policies and world market 
fluctuations, is a high risk investment industry. Correctly quantify the venture capital investment risk and 
choosing the right investments projects in agricultural production and processing enterprises is the main 
decision-making of venture capital investment. There is higher uncertainty and complexity in venture 
capital firm selection the portfolio companies in agricultural production and processing enterprises. For 
example, the longer production time, the lower product price, the cyclical fluctuations, the  government 
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intervention and regulation, the potential of market, the leading capability and management level of 
enterprises management group and so on. These uncertain factors bring larger risk to venture capital 
investment decision-making in agricultural production and processing enterprises. How to hold the venture 
capital investment decision to avoid risk is the most important stratagem at the whole investment process is 
the most important question. 
2. Literature Review  
Option theory valuates and manages the investment project using the idea and approach of option 
theory to solving the shortages that exist in the previous investment decision models. Classical real options 
theory has been found a useful theoretical lens to analyze investment under uncertainty (Dixit and Pindyck, 
1994; McDonald and Siegel, 1986). This theory has been employed to examine investment level (Guiso 
and Parigi, 1999), market entry (Campa, 1993; Folta and O'Brien, 2004), R&D investment (McGrath, 1997; 
McGrath and Nerkar, 2004), and joint ventures (Chi, 2000; Kogut, 1991; Tong et al., 2008). The main 
approaches of option theory include five aspects: item assessment, investment decision-making hypothesis 
and variable setting, the uncertainty factors mathematic described real option pricing and decision-making.  
Options theory principles are discussed in Smit and Ankum (1993) in investment decision-making. 
Dixit and Pindyck (2003) consider two competitors who can strategically timing their investment decisions 
and show that the first firm enters earlier when there is no threat of competition. Baden-Fuller et al (2006) 
used real options for venture capital risk management. Verville et al. (2007) describes the organizational 
processes to calculate the parameters in complex IT projects. Adner and Levinthal (2004) argue that the 
effective management of real options requires a high degree of rigidity in the specification of initiatives 
and the criteria for their success.  
The most important studies of real options theory to venture capital investment decisions has been 
limited (Li, 2008; Li et al., 2007; Li & Mahoney, 2009 ). Li(2008) takes a real options perspective towards 
venture capital staging and views the staging decision as a choice between holding the current option to 
invest and investing now to obtain the option to invest subsequently. It proposes that this staging decision 
depends on the factors that influence the value of these two options, such as competition and various 
sources of uncertainty. The empirical results suggest that market uncertainty encourages venture capital 
firms to delay investing at each round of financing, whereas competition, project-specific uncertainty and 
agency concerns prompt venture capital firms to invest sooner. 
Li & Mahoney (2009) analysis of 18,678 initial investments during 1980 2007 provides supportive 
evidence for the delay effect of market uncertainty and the attenuating effects of sales growth and 
competition on the relationship between market uncertainty and the timing of initial funding. It is evident 
from their study and others (e.g., Cochrane, 2005; Gompers et al., 2008) that absent sufficient information 
about private entrepreneurial companies, public market information is highly relevant to venture capitalists' 
investment decisions. They take a real options perspective to examine how venture capitalists respond to 
market uncertainty in deciding when to initiate new projects. They indicate that, in determining the timing 
of investment, venture capitalists should consider factors that affect the value of real options embedded in 
investment projects. Further, our study suggests that absent sufficient information about ventures and 
venture capital industries, public market information can be useful in assessing venture prospects. 
3. Venture Capital Investment Real Option Pricing Model  
3.1 problem describe 
The agricultural production and processing enterprises elected by venture capital firm always either 
young enterprise or mature enterprises which want adjective its ownership structure, or distress enterprises. 
These enterprises either have smaller size or distress situation. The channel of these enterprises finance 
their capital is lesser and the main manner is persuading venture capital firm give them investment except 
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themselves assess. They always exchange asset to share their equity. Venture capital firm have a great deal 
of money need to choose some enterprises to investment for the high return. Enterprises and venture capital 
firms valuate the future value of the enterprises respectively to decide the proportion of stock exchanged to 
venture capital firms and whether invest and superadded additional investment to the enterprises. For 
predigesting the problem, we discuss that if venture capital firms decide investment, the whole process of 
investment is disjoined in two stages: first stage investment and second stage investment. The second stage 
investment due to the valuation of first stage investment. The dynamic game between enterprises and 
venture capital firms has a large affect on the first and second stage investment. 
3.2 Models assumed 
The ideas of this model come from Granadier (1997), An & Zhang (2001), Li et al (2003). An & Zhang 
summarize the general methods and frames of option-game theory. Granadier give the double-oligarch 
preemptive game model and the sub-game perfect equilibrium and Markovian decision tactic. Li et al 
(2003) established a real options model of staggered portfolio optimization proportion; get the simulation 
solution about one calculation example. This paper first analyzes the characteristic of venture capital 
investment and presents an option pricing model and its solution about two-stage venture capital 
investment, and then we discuss the signaling game between enterprise and venture capital firm. 
H1: The technology adopt by enterprises come from technology marketing. The future developments of 
enterprises are uncertain. 
H2: Venture capital firms put out their investment is grading. For to predigest problem, we assumed it 
divided into two periods. Whether put out the second stage investment due to the return of first stage 
investment. 
H3: We assumed that enterprises have a smaller scope. Their entire product can be selling. We assumed 
that the investment can be getting a return immediately after put out investment. 
3.3 Model framework 
Suppose that x  is the first stage investment proportion, thus 0 1x , then the second stage investment 
proportion is 1 x . The first stage investment is the startup financing of enterprises. It help to perfect 
technology and technologic flow farther, to improve the capability of product, to exploits marketing 
channel, to advance competitive capability of enterprises. Because of venture capital firm face to much 
uncertain factors, it will increase the investment risk to increase the first stage investment proportion. The 
time of second stage investment is tied up with the first stage investment proportion x . Since the operation 
business is uncertain and the marketing competition is vehement, the time of second stage investment is 
uncertainty. Honor the study of Ottoo (1998), investment time ( )t x   submit parameter x’s index 
distributing function: ( )f x . The average time arrive to decision-making point is 1 ( )f x . As has been 
analyzed, ( )t x will minis along with the augment of x . Suppose that ( )f x bx . Where b is the speed arrive 
to the second investment point (Li et al 2003), 0b . 
Suppose tR is the unit profit of the product at time t , tQ  is the instantaneous sales quantum, tP is the 
unit price at time t , C is the marginal cost of product, n  is the biggest scope of the project. Thus 
t tR P C .Suppose when the general investment size is fixed, the marginal cost of product C  is 
changeless. C  only is the function about project scope n  not relation with tQ . Thus Dangl 1999
( )C C n  We suppose that the path change of enterprises unit product price tP , submit Geometric 
Brownian motion McDonald & Siegel 1985, Dixit & Pindyck 2003  
( )t p t P t PdP Q dt Q dW t                          (1) 
Suppose path change of enterprises’ product instantaneous sales quantum tQ , unit profit tR  submit 
Geometric Brownian motion Pennings & Lint 2000 : 
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( )t Q t Q t QdQ Q dt Q dW t                          (2) 
( )t R t R t RdQ R dt R dW t                          (3) 
Where P , Q , R  and P , Q , R  is the instantaneous expect value and variance excursion/variation 
ratio of price, sales quantity, unit profit severally in formulae (1), (2), (3). These parameter obtained from 
market test, estimate, and standard of industry (Urban & Hauser, 1993). At a long term, enterprises 
product’s unit price will present a down trend. Correspondingly, the unit profit assumes a down trend. By 
contraries, the general sales quantum presents double-quick increase trend. Generally, the start-up 
investment quantum affects the original produce and sales quantum. The larger original investment 
quantum will induce larger original sales quantum. They present a proportion relationship. Suppose that 
0Q  is the sales quantum at first stage in which investment proportion is 1, hence 0tQ xQ  when the 
proportion is x . As the uncertainty of enterprises’ tQ  and tR , Wiener process ( )RdW t  denote the risk 
factors affect unit profit, and Wiener process ( )QdW t  denote the risk factors affect sales quantum. They 
have a correlation coefficient , 
( ( ) ( ))R QE W t W t t                               (4) 
As has been mentioned above, the increase of sales quantum and the fall of price are coincident. The 
unit cost of product is changeless to price and sales quantum correspondingly (Tellis 1988). Thus 0 . 
Suppose ty  is the instantaneous return cash flow, that t t ty R Q . We know that ty submit Geometric 
Brownian motion by Ito lemma: 
( )t y t y td y y d t y d w t                         (5) 
In it  
y R Q R Q                              (6) 
2 2 2 2y R Q y Q                              (7) 
1 2
2 2
( ) ( )
( ) R Q
R Q R Q
w t w t
w t                            (8) 
Where y  is ty  instantaneous expect value excursion ratio. y  is ty  variance variation ratio. ( )dw t  is 
the standard Wiener Process, it denote the marketing risk of enterprises face to. ty  integrate the uncertainty 
of tR  and tQ (Fan & Tang 1998). 
3.4 Return function mathematic describe 
Suppose the second investment decision made at time ( )t x , and then the discount present value of 
second investment return 2 ( )v t can be expressed: 
2 ( ) { }
s
s tt
v t E e y ds , ( )t t x                    (9) 
Where  is the individual discount rate. As enterprises’ expect return is limited, thus 
2y
, and we 
can calculate out: 
2
2 ( )
tt
y
y
v t e  ,  ( )t t x                      (10) 
By Ito lemma,  
2 22 2 2
( ) ( ), ( )v vdv t v dt v dw t t t x                   (11) 
In it: 
2 2v y
 ,  
2 2 2 2 2 2
2 2 2 2
22v y R Q R Q          (12) 
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It explained that second investment discount present value 2 ( )v t  submit Geometric Brownian motion. 
Where 
2v
 is 2 ( )v t  instantaneous expect value excursion ratio and 2v  is 2 ( )v t variance variation ratio. 
Because of 
2 2
0v y , the mean value of 2 ( )v t  is a decrease function about time t . It is to say that 
the anticipate return of enterprises has a descending current and press close to time axis shape a long draw 
trail in long term. Analogously, the first stage investment’s discount present value 1( )v t  can be expressed: 
0 0
1 0
( ) t t
y
xR Q
v x E e y dt                     (13) 
By Ito lemma, 
1 11 1 1
( ) ( ), ( )v vdv t v dt v dw t t t x                  (14) 
In it: 
1 1v y
,
1 1 1 1 1 1
2 2 2 2
12v y R Q R Q             (15) 
before time ( )t x  can be expressed as:  
( ) ( ) ( )0 0
1 :0 ( ) 0
( ) (1 )y
t x t xt
t t x t
y
xRQ
v x E e ydt e          (16) 
Accordingly, the discount present value of first stage investment after time ( )t x  can be expressed as:  
 ( ) ( )0 0
1 : ( ) ( )
( ) y t xtt t x tt x
y
xR Q
v x E e y dt e        (17) 
3.5 Option value 
The option value of investment is the bargaining value of venture capital investment. It is the reference 
investment size which venture capital firm give enterprises. As the imperfectness and lack reference 
standard of asset bargaining pricing information, it is feasible to adopt continuous model estimated 
investment option value in dynamic market (Dixit & Pindyck 2003). 
Suppose F  is the real option value of investment base asset value v . 1v  is the first stage investment 
value, 1F  is the first stage investment real option value. 2v  is the second stage investment value, 2F  is the 
second stage investment real option value. As has been mentioned above, 1v , 2v  submit Geometric 
Brownian motion. 
Suppose risk-free interest is r we can get Black-Scholes  differential equation through avoid 
arbitrage rule(Yang 2003): 
2
2 21 1 1
1 1 1 12
1 1
1
2
F F F
rv v rF
t v v
                      (18) 
2
2 22 2 2
2 2 2 22
2 2
1
2
F F F
rv v rF
t v v
                     (19) 
Solution is:  
1
1 1 11 1 12( ) ( )
rTF S N d v e N d                          (20) 
2
2 2 21 2 22( ) ( )
rTF S N d v e N d                         (21) 
In it 
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1
1
1 (1 )
T
t
t
t
CF
S
r
, 
2
1 1 1
11 1
2
1
[ ( ) ( 2) ]In S v r T
d
T
, 
1
2
12 11 1d d T ;  
2
2
1 (1 )
T
t
t
t
CF
S
r
, 
2
2 2 2
21 1
2
2
[ ( ) ( 2) ]In S v r T
d
T
,  
1
2
22 21 2d d T   
11( )N d , 12( )N d , 21( )N d , 22( )N d  is cumulating normal distribution function. 
4. Examples 
Considering a two stage agricultural production and processing enterprises venture capital project, the 
first stage investment is 30 million, and the period of first investment is 3 years. The risk adjusted discount 
present ratio is 20%. If the first stage investment’s effect is better, the venture capital firm will give the 
second stage investment about 100 million. The period of second stage investment is 4 years. The risk-free 
interest ratio is 10%, the standard deviation is 0.3. The expect return of agricultural production and 
processing enterprise are represent in table 1. 
TABLE I.  Expect return the discount present value of first and second stage investment 
 
 
 
 
 
 
 
 
 
 
When the return of first investment stage is expect high, the first stage investment option is: 
 1 3
1
1 1
3056 .35
(1 ) (1 )
T
t t
t t
t t
C F C F
S
r r
 
2 2
1 1 1
11 1 1
2 2
1
[ ( ) ( 2) ] [ (3958.33 3000) (0.1 0.3 2) 3] 0.873
0.3 3
In S v r T In
d
T
1 1
2 2
12 11 1 0.873 0.3 3 0.3534d d T  
Through standard normal distribution, we know that 11( ) 1.14N d , 12( ) 0.3575N d . Thus 
1
1 1 11 1 12( ) ( )
3056.35 1.14 3000 0.7408 ( 0.3575) 4278.75
rTF S N d v e N d  
When the expect return is high, 1 0F . Thus the first stage investment should be given. According to 
the expect of the second stage return, 
2 4
2
1 1
11400.86
(1 ) (1 )
T
t t
t t
t t
CF CF
S
r r
  
2
2 2 2
21 1
2
2
2
1
2
[ ( ) ( 2) ]
[ (11400.86 /10000) (0.1 0.3 / 2) 4] 1.1852
0.3 4
In S v r T
d
T
In
 
Investment  
year  0 1 2 3 4 5 6 7 
Original 
return  
 400 500 600 700 800 900 1000 
First stage 
return H 
-
3000 800 1000 2000     
First stage 
return L  600 650 750     
Second 
stage 
return 
   -10000 2000 3000 4000 6000 
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1 1
2 2
22 21 2 1.1852 0.3 4 0.5852d d T .through standard normal distribution, we know that 
21( ) 0.882N d 22( ) 0.719N d . Thus  
2
2 2 21 2 22( ) ( ) 2866.23
rTF S N d v e N d As 2 0F , when the expect return high, the second stage 
investment should be given. When the expect return is low, the first stage investment option value is 
calculated as:  
1 3
1
1 1
1385.417
(1 ) (1 )
T
t t
t t
t t
CF CF
S
r r
 
2
1 1 1
11 1
2
1
[ ( ) ( 2) ] 0.6497In S v r Td
T
 
1
2
12 11 1 1.16935d d T  
By the table of standard normal distribute, we know that 11( ) 0.2578N d 12( ) 0.1314N d . Thus 
1
1 1 11 1 12( ) ( ) 65.137
rTF S N d v e N d . 
When the expect return is low, 1 0F . Thus the first stage investment should be given too. As we don’t 
consider high or low in the second stage, thus the option value still is 
2
2 2 21 2 22( ) ( ) 2866.23 0
rTF S N d v e N d , the second stage investment should be given too. As the venture 
capital firm do not know the original return, thus if the venture capital firm can not achieve an appropriate 
equity proportion, the investment return may be too low to could be implement. This is why the candidate 
enterprises have a lower proportion obtain venture capital investment. 
5. Conclusions 
Many industries have been hit in 2008 global financial crisis. The agricultural production and processing 
industry is closely related to people’s daily lives become new economic growth point.  As the biggest 
production and consumption country, Chinese agricultural production and processing enterprises become 
the better investment selection of venture capital investment. As the agriculture production and processing 
enterprises itself has non-transparent, non-liquid characteristics, it faces many endogenetic and exogenous 
risks in the venture capital operation process. This paper use option pricing theory to analyze and evaluated 
the risk factor in agricultural production and pressing enterprises venture capital investment. The two stage 
venture capital investment option pricing model and the solution are represented. Base on the option 
pricing solution, the information asymmetry between enterprise and venture capital firm be analyzed.  
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